In the era of digital manufacturing and highly competitive environment, it is desirable to deliver the right item, right quantity at right time at minimal cost. Under this volatile market environment, the inventory should be readily available at the manufacturing level at the lowest possible cost. Many industries have been conventionally employing traditional ABC analyses based on a single criterion of annual consumption cost for classification of inventory items in spite of other criteria such as unit cost, consumption rate, average inventory cost that may be important in inventory classification. To address such problems, incorporation of Multi-criteria decision making (MCDM) methods is considered an advantage. The present article focuses on a new approach to categorize inventory items using Modified similarity-based method. The proposed method is applied to the inventory data of raw materials from a renowned conveyor belt manufacturing company of West Bengal, India. By using Modified similarity-based method, the items are classified in A, B and C categories. Results obtained from the said method using R program are compared with those of well recognized TOPSIS and AHP methodologies to validate the application of this method for inventory classification.
Introduction
Inventories are defined as idle resources of any kind having economic values. Appropriate inventory control is necessary because both its surplus and deficit efficiency largely affects the cost of its operation. Thus inventory control is essential to determine the item(s) to indent (i.e., to order) along with with its quantity, time to indent and the optimum stock to maintain so that purchase and storage costs are minimized (Mallick et al., 2012) . Hence, the management of an organization put substantial attention on the planning and control of inventory.
Although ABC analysis can be employed to almost all aspects of materials management, traditional ABC analysis considers the cost of annual consumption of inventory items. Consumption costs are arranged in descending order. The cumulative percentage is calculated based on cumulative consumption cost, and correspondingly, A, B and C classifications are made. The choice of breakpoint percentages to classify the inventories by the management can be done on the basis of a number of effectively managed items under each category (Flores et al., 1992) .
A number of researchers have questioned the focus on the consumption value as a single criterion. Cohen and Ernst (1988) opined that many other criteria may be significant to evaluate the importance of inventory items. In these cases, multiple criteria decision-making methods are helpful.
Keeping the above background in view, the objective of this paper based on case-study is to classify inventory items using the Modified similarity-based method with R-programming. Results obtained from this approach are compared with that of TOPSIS model and the AHP (Analytic Hierarchy Process) separately to validate this method.
Review of the literature
In the past, some investigators have worked on multi-criteria inventory classification (MCIC). This approach was brought in by Flores and Whybark (1986, 1987) . Their approach became increasingly complicated if more than two criteria were considered. Flores et al. (1992) applied the AHP for MCIC, while various products of a company were classified using a fuzzy method by Puente et al. (2002) . Their study reported how fuzzy set theory allows uncertainty to be incorporated into the classification model which also reflects the business reality of the market accurately. Guvenir and Erel (1998) used the Genetic Algorithm (GA) fruitfully to find the solution of MCIC problem naming the method -GAMIC. On the other hand, Braglia et al. (2004) used the AHP for identification of the outstanding control strategy to manage the inventory of spare parts. A weighted linear optimization model for MCIC was introduced by Ramanathan (2006) . Data Envelopment Analysis (DEA) was used for obtaining the Performance score for each item. Limitation of this model was detected to be the possibility of misclassifying some items. Zhou and Fan (2007) rectified this problem by incorporating balancing features for MCIC by using the highest and lowest favorable score for each item. In another work, Bhattacharya et al. (2007) utilized the concept of the TOPSIS model for ABC classification. Cakir and Canbolat (2008) proposed an MCIC by integrating fuzzy logic, when demand, lead time, payment terms, unit cost, and substitutability were taken for classifying inventory components using fuzzy AHP by Çebi et al. (2010) . A modified DEA-like model was applied by Torabi et al. (2012) for ABC classification considering both the quantitative and qualitative criteria, while Kabir and Hasin (2013) developed an MCIC model by integrating Fuzzy-AHP and Neural Networks. Soylu and Akyol (2014) suggested an MCIC in terms of reference items into each class by taking preferences of the decision maker. A method known as EDAS (Evaluation based on Distance from Average Solution) was introduced by Ghorabaee et al. (2015) for solving some MCIC problems to find stability of the proposed method, whereas Liu et al. (2016) made a new classification approach using an outranking model that required consideration of non-compensation in ABC analysis. Mallick et al. (2017) integrated Graph Theory (GT) and the AHP as a decision analysis tool for MCIC. Mallick et al. (2016) also presented a multi-criteria inventory classification (MCIC) system by MOORA (Multi-Objective Optimization on the basis of Ratio Analysis) for hospital inventory management.
The proposed methodology
The modified similarity-based method used in this study is adapted from the TOPSIS methodology, which uses the notion of an ideal solution to compare a pair of alternatives. The lowest and the highest similarity to the negative and positive ideal solutions respectively are identified to be the most preferred alternative.
The modified similarity-based method has been applied by a number of researchers to solve several problems. This method has an added advantage of ranking alternatives for deciphering discrete multicriteria issues (Deng, 2007) , ranking banks (Safari et al., 2013) , personnel selection (Chaghooshi et al., 2014) , ranking countries with respect to human development index (Safari & Ebrahimi, 2014) , ranking of organizations with regard to the measure taken for corporate governance (Moradi & Ebrahimi, 2014) , multi-objective optimization in drilling operation (Sonkar et al., 2014) , cutting fluid selection (Prasad & Chakraborty, 2018) etc.
The study shows the application practicability of the modified similarity method towards Multi-Criteria Inventory Classification and related decision making in real time manufacturing atmosphere. The proposed methodology pursues steps listed below following Rao (2007) , Safari et al. (2014) and Prasada et al. (2018) Step 1: To identify the inventory attributes or criterion for the decision matrix.
Step 2: To generate the decision matrix based on the raw inventory data after suitable normalization.
A decision matrix can be represented as shown in Eq. (1). This reflects the performance of different alternatives related to varying attributes.
when,
x : Measure of the performance of the i alternative over j criteria m: Number of alternatives n: Number of criteria Information stored in a decision matrix.
Step 3: To construct the relative importance matrix A relative importance matrix (Saaty, 1986 (Saaty, , 1990 ) (Eq. 2) is the pair-wise comparison matrix made using the values taken from the 9-point scale (from 1 to 9) as proposed by (Saaty, 1980 (Saaty, , 1994 . 
Step 4: To determine the weighting vector using Eq. (3).
Step 5: Normalized matrix is made using Eq. (4).
where, x is the normalized performance of i alternative related to j criteria and it is a dimensionless quantity lying within the interval [0, 1].
Step 6: To compute performance matrix as given in Eq. (5).
Step 7: To find out positive and negative ideal solutions from Eq. (6) and Eq. (7). Step 8: Calculate of the degree of conflict between each alternative to obtain positive and negative ideal solutions using Eq. (8) and Eq. (9). 
Step 9: To calculate the degree of similarity between alternatives and the positive and negative-ideal solution by Eq. (10) and Eq. (11)
Step 10: To calculate the overall performance index for each alternative across all criteria by Eq. (12).
Step 11: In this step, all inventory items are ranked according to their overall performance index value arranged in descending order. 
Case study
The paper envisaged to test the modified similarity-based method using inventory data of raw materials from a well-known conveyor belt manufacturing company, located in the state of West Bengal, India.
To acquire the preliminary knowledge about the company, feedback through questionnaire was collected. Upon interpretation of the data thus obtained, the inventory practice prevalent in that company was found to be inadequate as reported in (Mallick et al., 2012) . In the context of total inventory, it has been found from the analyses of organizational data that Raw Materials (RWM) occupies the major share. RWM are further sub-grouped into seven categories. Of these, almost 70% of RWM inventory is shared by four categories. In the first of inventory analysis, a monthly variation of Total RWM Inventory Cost was estimated and presented in Fig. 3 . Next, a monthly variation of total inventory for four categories stated for the paper exhibited in Fig. 4 , was prepared. The similar pattern of curves in Fig. 3 and Fig. 4 strengthen the assumption that four categories of materials have been appropriately selected for multi-criteria inventory classification. of issues/year), and Average Inventory Cost (INR) were decided as very significant for classification of inventory items by these authors and management personnel of the concerned company. The modified similarity-based method has been applied for the ABC analysis to identify those items having a major financial impact with high demand in the shop floor.
The procedure of applying the methodology for the multi-criteria inventory classification, given in Section 3, is described below:
1. With all the values related to the chosen criteria for each item considered in this case study, a decision matrix is formulated as shown in Appendix A. 2. The Relative Importance Relation Matrix (table 1) is made following the expert opinion of the said company. The AHP using geometric mean method is employed (Rao, 2007) here for computing priority weights of criteria. The weight (wi) of each criteria is calculated as: unit cost: 0.105; annual consumption cost: 0.395; consumption rate: 0.314; and average inventory cost: 0.187. The last row of Appendix A contains these weights. 3. A simulation model using spreadsheets and R program (Appendix B) is created to determine the effect of using modified similarity-based method for inventory classification and a comparison of the proposed modified similarity-based ABC classification with that of the well documented TOPSIS (Bhattacharya et al., 2007; Hwang & Yoon, 1981) and AHP (Rao, 2007; Saaty, 1980 Saaty, , 1994 classification techniques. A comparison amongst the outcomes of the three methodologies in the form of rankings of the alternatives in descending order of their performance scores is presented in Appendix C. Table 2 presents that 75% of the total annual consumption cost is considered as the single criterion attributable to 12 % of the total number of items under category A as per traditional ABC analysis; 4% is from more than 59 % of total items under category C and 21% is from nearly 29% of the overall items under category B.
For fruitful comparison, all the three MCDM methods (Modified similarity-based method, TOPSIS and AHP method) have also been considered utilizing the same allocation pattern of the traditional ABC classification of 11, 25 and 54 items under class A, B, and C respectively. Comparative analysis of annual consumption cost percentage of A, B and C type of items obtained from all 3 MCDM types of ABC analyses is depicted in Table 2 . Table 2 illustrates that 71.35% of the annual consumption cost by using Modified similarity-based method is responsible for 'A' type of items as compared to 69.94% by TOPSIS and AHP method. For 'B' type of items, 12.00% is accounted for by using Modified similarity-based method, 12.78% by TOPSIS and 12.60% by AHP method. For 'C' type of items, 16.65% is for Modified similarity-based method, 17.28% for TOPSIS and 17.46% for the AHP. Therefore, it can be stated that desirable inventory control is possible by managing 'A' group items only. 
Comparative analysis
For comparing the relative performance of modified similarity-based method with that of TOPSIS and AHP while solving this multi-criteria inventory classification problem, the following tests are performed.
(a) Scatterplot Matrix (b) Kendall's coefficient of concordance, (c) Spearman's rank correlation coefficient, First, ranks of items obtained by using Modified similarity-based method, TOPSIS, and AHP are plotted in a scatter plot matrix (Cleveland, 1993; Emerson et al., 2013) (Fig. 5) . Each panel of the scatter plot matrix in Fig. 5 represents the scatter plot of one variable against the other revealing ranking similarity amongst them. Overall ranking agreement among the methods considered is next determined using Kendall's coefficient of concordance (z) value (range: 0-1). Value of 1 represents a perfect match (Athawale & Chakraborty, 2011; Hajkowicz & Higgins, 2008) . For this multi-criteria inventory classification problem, the z value of 0.98347 is evaluated that is quite close to 1. It indicates close conformity between these MCDM methods.
Spearman's rank correlation coefficient (rs) is utilized (Athawale & Chakraborty, 2011; Sheskin, 2004) in the third test to compute the similarity between two sets of rankings. +1 value of rs indicates a perfect match between two rank orders, and in this work, rs values range from 0.96 to 0.99 (Table 3) . 
Conclusions
In the present investigation, the modified similarity-based method is used for MCIC. These authors could not find this kind of methodology to have been used earlier to classify inventory items. An inventory management system of raw materials for 90 items of a renowned conveyor belt manufacturing company has been considered for this work. Results acquired using the proposed method are compared with those of TOPSIS and AHP for validation. Following are the inferences observed:
 The outcome of this work is that application of multi-criteria decision-making method i.e. modified similarity-based method to Inventory management, enables one to control 71.35% of the annual consumption cost by controlling only 'A' type of items (12%), but which could be accounted for 69.94% in TOPSIS as well as AHP method. Therefore, it is stated that for any organization, inventory cost-control as well as multi-criteria decision making both can be attained by applying a modified similarity-based method from a materials management point of view.
 The modified similarity-based method may be recommended for practical use in the decisionmaking method for classification of multi-criteria inventory items.
The present work considers the decision taken under certainty, which is otherwise often highly uncertain and risky for the decision-makers. Therefore, the applicability of this method may be elevated by introducing fuzzy set theory for consideration of uncertainty and vagueness in attribute values. In order to use modified similarity-based method advantageously for solving the classification of inventory items with imprecise and vague data, the fuzzy modified similarity-based method may be proposed for future study. Safari, H., & Ebrahimi, E. (2014) . Using modified similarity multiple criteria decision-making technique to rank countries in terms of human development index. 
